The present study was conducted to evaluate the effect of Sauropus androgynus (katuk) leaves extract (SAE) and lemuru fish oil (LO) on fat deposition and fatty acid composition of meat in broiler chickens. One hundred and fifty six broiler chickens were distributed to 13 treatment groups with 3 cages in each treatment group as replicate. Completely randomized design was used in this study. The thirteen groups were subsequent of broiler chickens that were fed diet containing commercial feed supplement as a control (P1), 10 g/kg SAE and 1% LO (P2); 10 g/kg SAE and 1% LO plus 60 mg vitamin E (P3), 10 g/kg SAE and 2% LO (P4), 10 g/kg SAE and 2% LO plus 60 mg vitamin E (P5), 10 g/kg SAE and 3% LO (P6), 10 g/kg SAE and 3% LO plus 60 mg vitamin E (P7), 18 g/kg SAE and 1% LO (P8), 18 g/kg SAE and 1% LO plus 60 mg vitamin E (P9), 18 g/kg SAE and 2% LO (P10), were 18 g/kg SAE and 2% LO plus 60 mg vitamin E (P11), 18 g/kg SAE and 3% LO (P12), and 18 g/kg SAE and 3% LO plus 60 mg vitamin E (P13). The data were analyzed by analysis of variance and if it were significant, it were then determined by Duncan's Multiple Range test. The present results showed that supplementation of SAE and LO significantly affected (P<0.05) fat deposition in abdomen and leg, but it had no effect on neck fat deposition and Fatty Liver Score. Supplementation of SAE and LO had significantly reduced (P<0.05) cholesterol content and thiobarbituric acid (TBA) in leg meat, but it significantly increased (P<0.05) vitamin A and vitamin E and it had no effect on fat in leg meat. Supplementation of SAE and LO proved to change fatty acid composition in leg meat. The treatment highly significant increased ecosapentaenoic acid (EPA) and docosahexaenoic acid DHA (P<0.01), arachidonic acid and stearic acid (P<0.05), but it significantly reduced linolenic acid (P<0.05). In conclusion, the supplementation of SAE and LO reduced fat deposition in abdomen and leg, the content of cholesterol in meat, and it enriched EPA and DHA of meat.
INTRODUCTION
Recently, broiler industries were faced on producing the meat with lower fat content, free antibiotic residue but high in nutrition. Unfortunately, commercial feed supplement used in the present broiler industries did not meet the demand of consumers. Furthermore, no experiment was conducted to enrich several nutrition but low in cholesterol in broiler meat.
Modified meats as mentioned above would be benefit with the following reasons: 1) nutriton in broiler meat was highly digested and absorbed as compared with other foodstuff; 2) the price of nutrition would be cheaper; 3) it would produce meat with free pathogenic microorganism and free antibiotic and drug residue; 4) broiler production would be more efficient; 5) the improvement of meat quality would be benefit for consumers, because it will decrease the occurence of stroke, coronary heart, atherosclerosis, obesity, cancer and other diseases caused by pathogenic microorganism as a result of their resistences to antibiotics (Barton and Hart, 2001; Cao et al., 1999) . It has been proven that medical herbs were potential to decrease fat deposition, cholesterol, triglyceride and lipogenic enzyme activities. (Santoso et al., 2001a,b; Santoso and Sartini, 2001; Shim et al., 2004) .
Sauropus androgynus is rich in mineral and containes six metabolic secundary compounds, namely monomethyl succinate, cyclopentanol, 2-methyl-acetate, cis, benzoic acid, 2-phenylmalonic acid, 2-pyrrolidinone and methylpyroglumate (Agustal et al., 1997) , β-carotene (Subekti, 2003) . Suprayogi (2000) found that Sauropus androgynus leaves extracted by ethanol contained cumarins, tannins, sugars, alkaloids salt, antrasenoids, steroid glycosides/ triterpenoids, flavonoids, anthocyanins and isoquinoline alkaloids. Furthermore, when they were extracted by hot water, they contained tannins, cumarins, and alkaloids salt. These compounds had an important role in improving nutritional metabolism in broiler chickens. Santoso and Sartini (2001) found that feeding 3% Sauropus androgynus leave meal reduced fat deposition in abdomen by 35%. Furthermre, Santoso et al. (2004) found that supplementation of 4.5 g Sauropus androgynus extract/ kg diet reduced fat deposition, total fat content, and cholesterol in broiler meat, but it enriched amino acid composition as compared with commercial feed supplement. It was therefore predicted that Sauropus androgynus may substitute commercial feed supplement. In other researches, Santoso (2001a,b,c) found that Sauropus androgynus extract supplementation at 18 g/kg diet decreased fat deposition and Salmonella sp and Escherichia coli in broiler meat. From the series of these experiments, it was concluded that supplementation of Sauropus androgynus extract might decrease fat deposition in broiler chickens.
Sauropus androgunus extract supplementation was not able to modify polyunsaturated fatty acid in broiler meat (Santoso et al., 2004) . In additon, the reduction of cholesterol may be optimum, if SAE was combined by lemuru fish oil. Lemuru fish oil was rich in polyunsaturated fatty acid (Fenita, 2002) .
Therefore, the present study was conducted to produce broiler meat with low in fat but rich in polyunsaturated fatty acid by substituting commercial feed supplement with natural feed supplement, namely SAE, lemuru fish oil and vitamin E mixture.
MATERIALS AND METHODS
The present study was conducted to four steps, namely: 1) purifying lemuru fish oil, 2) Sauropus androgynus extraction, 3) broiler maintenance, 4) the analysis of laboratorium and data. Crude fish oil was purified by the method decribed by Fenita (2002) whereas Sauropus androgynus leaves were extracted by the method described by Santoso et al. (2004) . Compostion of diet is presented in Table 1 .
One hundred fifty six of broiler chickens aged 21 days were distributed to 13 treatment groups. Each treatment group contained 3 cages of 4 broiler chickens, respectively. The present experiment used completely randomized experimental design. The 13 treatment groups were as follows: 1) Control, Broiler chickens were fed diet containing commercial feed supplement (P0); 2) Broiler chickens were fed diet containing 10 g/ kg Sauropus androgynus extract (SAE) plus 1% lemuru fish oil (LO) (P1); 3) Broiler chickens were fed diet containing 10 g/ kg SAE and 1% LO plus 60 mg vitamin E (P2); 4) Broiler chickens were fed diet containing 10 g/ kg SAE and 2% LO (P3); 5) Broiler chickens were fed diet containing 10 g/ kg SAE and 2% LO plus 60 mg vitamin E (P4); 6) Broiler chickens were fed diet containing 10 g/ kg SAE and 3% LO (P5); 7) Broiler chickens were fed diet containing 10 g/ kg SAE and 3% LO plus 60 mg vitamin E (P6); 8) Broiler chickens were fed diet containing 18 g/kg SAE and 1% LO (P7); 9) Broiler chickens were fed diet containing 18 g/kg SAE and 1% LO plus 60 mg vitamin E (P8); 10) Broiler chickens were fed diet containing 18 g/kg SAE and 2% LO (P9); 11) Broiler chickens were fed diet containing 18 g/kg SAE and 2% LO plus vitamin E (P10); 12) Broiler chickens were fed diet containing 18 g/kg SAE and 3% LO (P11); 13) Broiler chickens were fed diet containing 18 g/kg SAE and 3% LO plus 60 mg vitamin E (P12). Broiler chickens were fed experimental diet at finisher period (21 -42 days of age). Diet and drinking water were fed ad libitum.
At the end of the experiment, 4 broiler chickens (2 male and 2 female) of each treatment ns FLS = Fatty liver score; P0 = Control (broiler was fed diet containing commercial feed sup p lement; P1 = Broiler chickens were fed diet containing 10 g/kg Sauropus androgynus extract (SAE) plus 1% lemuru fish oil (LO); P2 = Broiler chickens were fed diet containing 10 g/kg SAE and 1% LO p lus 60 mg vitamin E; P3 = Broiler chickens were fed diet containing 10 g/kg SAE and 2% LO; P4 = Broiler chickens were fed diet containing 10 g/kg SAE and 2% LO p lus 60 mg vitamin E; P5 = Broiler chickens were fed diet containing 10 g/kg SAE and 3% LO; P6 = Broiler chickens were fed diet containing 10 g/kg SAE and 3% LO plus 60 mg vitamin E; P7 = Broiler chickens were fed diet containing 18 g/kg SAE and 1% LO; P8 = Broiler chickens were fed diet containing 18 g/kg SAE and 1% LO p lus 60 mg vitamin E; P9 = Broiler chickens were fed diet containing 18 g/kg SAE and 2% LO; P10 = Broiler chickens were fed diet containing 18 g/kg SAE and 2% LO p lus vitamin E; P11 = Broiler chickens were fed diet containing 18 g/kg SAE and 3% LO; P12 = Broiler chickens were fed diet containing 18 g/kg SAE and 3% LO plus 60 mg vitamin E (P12 group were slaughtered, and abdominal and neck fats were collected and weighed. Fatty Liver Score was scored by comparing the color of liver broiler chickens with the standard. Leg meats were removed and stored in sealed plastic bag and stored in freezer before analizing for cholesterol, total fat, fatty acid composition, vitamin A, vitamin E and thiobarbituric acid (TBA) content. To determine fatty acid composition of meat, total fat of meat was extracted by the method of Folch et al. (1957) , and it was then methylized by 20% boron trifluoride methanol complex within methanol solution (Morrison and Smith, 1964) . Fatty acid composition was determined by gas chromatography. Oxidation was determined by measuring malonaldehyde (MDA) as secondary oxidation product as described by Botsoglou et al. (1994) . Total fat was determined by the method of AOAC (1980), and cholesterol was determined by the method of Liebermann-Burchard (Fenita, 2002) .
All data were analyzed by analysis of variance and if they were significantly different they were determined by Duncan's Multiple Range test.
RESULTS AND DISCUSSION
Effect of SAE and LO on fat deposition in broiler chickens was shown in Table 2 .
Experimental results showed that supplementation of SAE and LO significantly reduced fat deposition in abdomen (P<0.05) and sartorial (P<0.05), but it had no effect on fat deposition in neck (P>0.05) and Fatty Liver Score (P>0.05). The reduction of fat deposition might partly be caused by methylpyroglutamate. Methylpyroglutamate may be converted to glutamic acid in the gut (Santoso et al., 2005) . It was known that glutamic acid was effective to reduce fat deposition in poultry. Glutamic acid is intermediate compound in certain amino acid and stimulates protein synthesis. The increment of protein synthesis would reduce the substrate for fatty acid synthesis. The reduction of fatty acid synthesis might partly reduce fat deposition. In additon, SAE was rich in saponin, flavonoid, and tannin. These compounds were known to have antilipidemic properties. In additon, polyunsaturated fatty acid of lemuru fish oil might also have important role in fat deposition reduction. Table 3 shows the effect of SAE and LO on cholesterol, total fat, vitamin A, vitamin E and TBA in leg meat. Experimental results showed that supplementation of SAE and LO reduced cholesterol content (P<0.05) and TBA (P<0.05) in leg meat, but it increased vitamin A (P<0.05) and vitamin E (P<0.05). However, it was not significantly reduced total fat in leg meat (P>0.05). The tendency of reduction of total fat Santoso et al.) a and/or cholesterol in leg meat might be partly caused by methylpyroglutamate and polyunsaturated fatty acid. These compounds were known to have antipilidemic properties (Fenita, 2002 , Santoso et al., 2004 . In addition, SAE also contained flavonoid, tannin and other alkaloids in which these compounds also had antilipidemic properties. Suprayogi (2000) found that Sauropus androgynus leaves extracted by ethanol contained cumarins, tannins, sugars, alkaloids salt, antrasenoids, steroid glycosides/triterpenoids, flavonoids, anthocyanins and isoquinoline alkaloids. Furthermore, when they were extracted by hot water, they contained tannins, cumarins, and alkaloids salt. It needed further experiment to elucidate the mechanism of cholesterol reduction by SAE and LO. Shim et al. (2004) found that cholesterol reduction by medical herbs (e.g. Codonopsis lanceolata) was in part be caused by the increment of cholesterol excretion via bile acid. Fenita (2002) found that polyunsaturated fatty acid reduced cholesterol content in broiler meat.
Effect of Sauropus androgynus Extract and Lemuru Oil on Broiler Meat (U.
The reduction of cholesterol in P5, P7, P9, P10, P11 and P12 had a commercial meaning in broiler industries, because the Food and Drug Administration in the United States (1997) stated that a product has lower cholesterol than normal, if the reduction of cholesterol should be at least 25% than normal.
Supplementation of 18 g SAE and LO (1%, 2% or 3%) was effective to increase vitamin A in leg meat. It is a logic result, because SAE is rich β-carotene (Subekti, 2003) , whereas LO is rich in vitamin A. It is interesting that the supplementation of 10 g SAE and LO (1%, 2% or 3%) had no effect on vitamin A. This result showed that level of SAE was more dominant than LO to increase vitamin A in leg meat. However, LO was more dominant in contributing vitamin E increment. It is logic, because SAE contained no vitamin E, whereas LO is rich in vitamin E. Table 4 presents the effect of SAE and LO on fatty acid composition in leg meat. Experimental results showed that supplementation of SAE and LO changed fatty acid composition. Supplementation of LO highly significant increased (P<0.01) ecosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), significantly increased (P<0.05) stearic acid and arachidonic acid. However, the incretion in EPA and DHA were accompanied by lower linolenic acid (P<0.05). Supplementation of SAE did not increase linoleic acid and palmitic acid, although SAE was rich in linoleic acid and palmitic acid (Santoso et al., 2004) .
Addition of n-3 polyunsaturated fatty acid (PUFA) to the diet might cause the change in reaction system in the body such as change in saturated fatty acid composition would change the synthesis of lipoprotein, saturated fatty acid metabolism, growth factor, and other reaction in the body (Drevon, 1989) . Consumption of n-3 PUFA from fish might reduce the risk of coronary heart diseases (Eritsland et al., 1994; Leaf et al., 1995) . Furthermore, the consumption of fish oil was effective to treat hypertriglyceride as a result of very low density lipoprotein (VLDL) synthesis (Liepa and Godman, 1991) . Fish oil has antiaggregation properties, and the addition of fish oil would effectively decrease plasma triglyceride (Eritsland et al., 1994; Layne et al., 1996; Seidelin et al., 1992) .
The reduction of TBA in treatment groups showed that supplementation of SAE with/without vitamin E would prevent the increasing of fatty acid oxidation as a result of LO supplementation.
CONCLUSION
In conclusion, supplementation of Sauropus androgynus extract and lemuru fish oil reduced fat deposition and meat cholesterol, but it increased the content of vitamin A and vitamin E in broiler meat. Supplementation of lemuru fish oil increased EPA, DHA, stearic acid and arachidonic acid but decreased linolenic acid in meat. In addition, fatty acid oxidation increment as a result of lemuru fish oil supplementation could be prevented by Sauropus androgynus extract in combination with/without vitamin E.
